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TITLE: Method to increase the density of antigen on antigen 
presenting cells 



Disclosed is a method for presenting an antigen in the form of 
a peptide on the surface of a cell. The method involves 
inhibiting the activity of an MHC class I pathway-associated 
component (e.g., a TAP protein or a proteasome or its 
components) in a cell and contacting the cell with an antigenic 
peptide to produce a potent antigen presenting cell. The 
antigen presenting cells of the invention can be administered 
to a mammal in a method of treating or preventing cancer or 
infection with a pathogen (e.g., a bacterium or virus) . If 
desired, the antigen presenting cells can be used to stimulate 

PTT. pvnl if^T-^^-inn H n ^ritirn. anH the. rPRIllflTia PffprfOr CftllS 

r^an gnhfiPgn^nM y aHmi n i st prpd tn a mammal in a mftthnd of 
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ART-UNIT: 164 

PR I MARY -EXAMINER: Chan; Christina Y. 

ASSISTANT-EXAMINER: Lubet; Martha 

ATT Y- AGENT -FIRM: Fulbright & Jaworski, LLP 

ABSTRACT : 

Tumor rejection antigens derived from tumor rejection precursor 
MAGE-3 have been identified. These "TRAS" bind to the MHC-class 
I molecule HLA-A2, and the resulting complexes stimulate the 
production of cytolytic T cell clones which lyse the presenting 
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cells. The peptides and complexes may be used diagnostically , 
therapeutically, and as immunogens for the production of 
antibodies, or as targets for the generation of cytolytic T- 
cell clones. 
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Feb 1, 2000 



DOCUMENT- IDENTIFIER: US 6019987 A , . 

TITLE: Isolated, MAGE-3 derived peptides which complex with 
HLA-A2 molecules and uses thereof 



DEPR ■ 

Cytoiytic T cell clones thus derived are useful in therapeutic 
milieux such as adoptive transfer. See Greenberg, J . Immunol . 
136(5)- 1917 (1986); Reddel et al . , Science 257: 238 (1992); 
Lynch et al . , Eur. J. Immunol. 21: 1403 (1991); Kast et al . , 
Cell 59- 603 (1989), all of which are incorporated by reference 
herein. 'in this methodology, the peptides set forth supra are 
combined with antigen presenting cells ("APCs") , to form stable 
complexes. Many such methodologies are known, for example, 
those disclosed in Leuscher et al . , Nature 351: 72-74 (1991); 
Romero et al . , J. Exp. Med. 174: 603-612 (1991); Leuscher et 
al J Immunol. 148: 1003-1011 (1992); Romero et al . , J. 
Immunol. 150: 3825-3831 (1993); Romero et al . , J. Exp. Med. 
177- 1247-1256 (1993), and Romero et al . , U.S. patent 
appiication Ser. No. 133,407, filed Oct. 5, 1993 and 
incorporated by reference herein. Following this, the 
presenting cells are contacted to a source of cytolytic T cells 
to generate cytolytic T cell clones specific for the complex of 
interest. Preferably, this is done via the use of an autologous 
T cell clone, found in, for example, a blood sample, taken from 
the patient to be treated with the CTLs. Once the fTT i R are 
^P^o^=.^^ri. fv^^oo ^v>=> T-^pprfnf:^^rl info the , qnbiprr ro hp rrpfltftd 
Xr Z Zr.:.r.^ ^nffirient- 1-0 F^melinrare fhe ranrermis ^nnr^^non, 
^ li^^ by ly o-ir^ q r^^nrP^T- rpll .s . inhibiriTiq thpir prol 1 f prat 1 on , 

etc . 
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File: USPT 



Oct 10, 2000 



DOCUMENT- IDENTIFIER: US 6130087 A 

TITLE: Methods for generating cytotoxic T cells in vitro 



ABPL: 

The present invention provides methods for generating 
antigen-reactive cytotoxic T cells in vitro comprising 
culturing immune cells and antigenic cells that have at least 
one MHC allele in common (and preferably, are syngeneic) , in 
which the antigenic cells have been treated according to the 
methods of the invention. The antigenic cells are treated by 
subjecting them to osmotic shock followed by irradiation. As a 
result, a subset of T cells are activated and mature into 
antigen-reactive cytotoxic T cells. The effectiveness of the 
procedure may be enhanced by repeated restimulations and/or the 
addition of heat shock protein-peptide complexes. Methods and 
compositions are also disclosed for the treatment and 
prevention in a subject of nannR-r or infectious disease 
comprising administering to the subject matched cytotoxic T 
cells that are generated in vitro by the present methods, 

BSPR: 

The present invention relates to methods for generating 
antigen-reactive cytotoxic T cells for immunotherapy. The 
methods involve in vitro culture of immune cells with treated 
ranrfir cells or pathogen- infected cells, which results in the 
activation of a subset of T cells that are capable of effecting 
an antigen-specific cytotoxic T cell response. 

BSPR: 

Passive immunization is useful for a host who cannot produce 
antibodies, or for those who might develop disease before 
active immunization could stimulate antibody production. 
However, antibodies produced following some infections, 
particularly those due to mycobacteria, fungi, and many 
v-i ruflfifi, are not effective in protecting against the infection. 
Rather, the action of lymphocytes and macrophages largely 
determines recovery from these diseases. 

BSPR: 

Cells of the immune system arise from pluripotent stem cells 
through two main lines of differentiation: a) the lymphoid 
lineage producing lymphocytes (T cells, B cells, natural killer 
cells) , and b) the myeloid lineage (monocytes, macrophages and 
neutrophils) and other accessory cells (dendritic cells, 
platelets and mast cells) , In the circulatory system and 
secondary lymphoid organs of an adult animal, lymphocytes 
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recirculate and search for invading foreign substances. 
Pathogens and antigens tend to be trapped in secondary lymphoid 
organs, such as the spleen and the lymph nodes, where antigens 
are taken up by antigRn-prp^Rnt-ing r^l 1 a (APC) . Cell -mediated 
immune reactions require initial interaction between T cells 
and APC which trigger several effector pathways, including 
activation of cytotoxic T cells, and stimulation of T cell 
production of cytokines, 

BSPR: 

Cytotoxic T cells are antigen-specific effector cells that are 
important in resisting pathogens, nannp.r and allograft 
rejection. Most cytotoxic T cells are CDS. sup. + cells that 
recognize antigen presented by MHC class I molecules which are 
expressed by almost all cell types. Cytotoxic T cells develop 
and undergo selection in the thymus, and then mature into 
functional cytotoxic T cells in the tissues after receiving two 
signals. The first signal is triggered by specific antigen-MHC 
complexes on the surface of anti g^n-p-rfiPifinf -i ng rRlla (APC) . The 
second signal is provided by cytokines produced by CD4.sup.+ 
helper T cells, such as interferon- . gamma . , and interleukin-2 
(IL-2) , interleukin-4 (IL-4) , interleukin-7 (IL-7) and 
interleukin-12 (IL-12) . 

BSPR: 

Studies with experimental animal tumors as well as spontaneous 
human tumors have demonstrated that many tumors do express 
antigens that can induce an immune response. Some antigens are 
unique to the tumor, and some are found on both tumor and 
normal cells. Several factors can greatly influence the 
immunogenicity of the tumor induced, including, for example, 
the specific type of carcinogen involved, and immunocompetence 
of the host and latency period (Old et al . , 1962, Ann. N.Y. 
Acad. Sci. 101:80-106; Bartlett, 1972, J Natl Cnincer Inst 
49:493-504). It has been demonstrated that T cell-mediated 
immunity is of critical importance for rejection of virally and 
chemically induced tumors (Klein et al . , 1960, Cancer Res. 
20:1561-1572; Tevethia et al . , 1974, J. Immunol. 13:1417-1423). 
The cytotoxic T cell response is the most important host 
response for the control of growth of antigenic tumor cells 
(Anichimi et al . , 1987, Immunol. Today 8:385-389). 

BSPR: 

Adopt 1 VP imTnunothfirapy nf ranr^p.r takes the therapeutic 
approach, wherein immune cells with an antitumor reactivity are 
administered to a tumor-bearing host, with the objective that 
the cells cause either directly or indirectly, the regression 
of an established tumor. Immunization of hosts bearing 
established tumors with tumor cells or tumor antigens has 
generally been ineffective since the tumor is likely to have 
elicited an immunosuppressive response (Greenberg, P. D., 1987, 
Chapter 14, in Basic and Clinical Immunology, 6th ed., ed. by 
Stites, Stobo and Wells, Appleton and Lange, pp. 186-196) . 
Thus, prior to immunotherapy, it has been necessary to reduce 
the tumor mass and deplete all the T cells in the tumor-bearing 
host (Greenberg et al . , 1983, page 301-335, in "Basic and 
Clinical Tumor Immunology", ed. Herbermann RR, Martinus 
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Nijhoff ) . 
BSPR: 

Animal models have been developed in which hosts bearing 
advanced tumors can be treated by the transfer of 
tumor-specific specific syngeneic T cells (Mule et al . , 1984, 
Science 225:1487-1489). Investigators at the National Cancer 
Institute (NCI) have used autologous reinfusion of peripheral 
blood lymphocytes or tumor- infiltrating lymphocytes (TIL) , T 
cell cultures from biopsies of subcutaneous lymph nodules, to 
treat several human^cancara (Rosenberg, S.A., U.S. Pat. No. 
4,690,914, issued Sep. 1, 1987; Rosenberg et al . , 1988, N. 
Engl. J. Med., 319:1676-1680). For example, TIL expanded in 
vitro in the presence of IL-2 have been adoptively transferred 
tn r;:^nr;Rr patients, resulting in tumor regression in select 
patients with metastatic meianoma . Melanoma TIL grown in IL-2 
have been identified as activated T lymphocytes CD.sup.+ 
HLA-DR. sup. +, which are predominantly CD8.sup.+ cells with 
unique in vitro antitumor properties. Many long-term melanoma 
TIL cultures, lyse autologous tumors in a specific MHC class I- 
and T cell antigen receptor-dependent manner (Topalian et al . , 
1989, J: Immunol. 142:3714). 

BSPR: 

Application of these methods for treatment of human cancers 
would entail isolating a specific set of tumor-cancers reactive 
lymphocytes present in a patient, expanding these cells to 
large numbers in vitro, and then putting these cells back into 
the host by multiple infusions. Since T cells expanded in the 
presence of IL-2 are dependent upon IL-2 for survival, infusion 
of IL-2 after cell transfer prolongs the survival and augments 
the therapeutic efficacy of cultured T cells (Rosenberg et al . , 
1987, N. Engl. J. Med. 316:889-897). However, the toxicity of 
the high-dose IL-2 and activated lymphocyte treatment has been 
considerable, including high fevers, hypotension, damage to the 
endothelial wall due to capillary leak syndrome, and various 
adverse cardiac events such as arrhythmias and myocardial 
infarction (Rosenberg et al . , 1988, N. Engl. J. Med. 
319:1676-1680). Furthermore, the demanding technical expertise 
required to generate TILs, the quantity of material needed, and 
the severe adverse side effects limit the use of these 
techniques to specialized treatment centers. 

BSPR: 

The present invention relates to methods for generating 
antigen-reactive cytotoxic T cells that can be used for the 
prevention or treatment of a disease or disorder, such as 
infectious disease and n^r^nf-r . The methods of the invention 
provide cytotoxic T cells that are capable of specifically 
killing antigenic cells, such as cancer cells or infected 
cells, with which the T cell has been primed. 

BSPR * 

The methods may further comprise restimulation of the primed T 
cells, such that a stable antigen-reactive T cell culture or T 
cell line can be maintained for extended periods in vitro. 
Therefore, T cells reactive to cancer cells and cells infected 
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with a pathogen can be generated rapidly in large numbers in 
vitro for various therapeutic and prophylactic applicaticpns for 
rannf^r and diseases and disorders associated with infection by 
the pathogen, respectively. The antigen-reactive T cell culture 
or T cell line can be stored, and used to resupply cytotoxic T 
cells for long term use in vivo. 

BSPR: 

The present invention also encompasses methods of treatment or 
prevention in a subject of cancer or infectious disease 
comprising administering to the subject antigen-reactive 
cytotoxic T cells provided by the methods of the invention. In 
a preferred aspect, the methods of immunotherapy of the 
invention are autologous in that the immune cells (and 
optionally, also the antigenic cells) are isolated from the 
same subject (preferably, human) who receives the 
antigen-reactive cytotoxic T cells. 

BSPR* 

Cytotoxic T cells that are reactive to infected cells can be 
used to treat a variety of infectious diseases (those diseases 
associated with or caused by infection with the same infectious 
agent as that infecting the infected cells) , including but not 
limited to acute viral infections and infections by 
opportunistic infectious pathogens in immunosuppressed or 
immunodef icient subjects. Cytotoxic T cells reactive to cancfir 
cells may be used alone or in conjunction with administration 
of cytokines, surgery and/or chemotherapy in treatment aimed at 
achieving r^^nrp.r regression and eradicating metastases. 

BSPC : 

2.3 annPTTVF. TMMTmnTR F.PAPV DF TANCRR 
BSPW : 

2.3 AnnPTTVF TMMTmnT HFRAPY ClV TANCFR 



BSPW: 

5.8 TARGET PANrF.RS 

DRPR: . J . -4. u 

FIGS lA-lB. Reactivity of immune cells activated in vitro Joy 
SVBe'nancfir cells. Naive spleens cells from C57BL/6 mice were 
stimulated in vitro with mock- loaded SVB6 cells (FIG. lA) and 
untreated SVB6 cells (FIG. IB). The results were determined by 
a 4-hour cytotoxicity assay, and expressed in percentages of 

sup. 51 Cr released from target cells (due to their lysis), at 
various ratios of activated immune cells (effector cells (E) to 
target cells (T) , i.e., E:T ratio). SVB6 cells (open squares) 
were used as target cells, and EL4 cells (open circles) were 
used as negative control target cells. 

DRPR I 

figs' 2A-2B Reactivity of immune cells activated in vitro by 
PS-C3H r;:.nrpr cells. Naive spleen cells from C3H-HeJ mice were - 
primed with mock-loaded PS-C3H cells (FIG. 2A) and untreated 
PS-C3H cells (FIG. 2B) . The results were determined and 
expressed as described above for FIGS. lA-lB. PS-C3H cells 
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(open squares) were used as target cells, and SVB6 (open 
diamonds) and UV 6138 (open circles) cannsr cells were used as 
negative control target cells. 

DRPR : 

FIGS. 3A-3B. Reactivity of immune cells activated in vitro by 
EG7 nanrpr cells. Naive spleen cells from C57BL/6 mice were 
primed in vitro with mock- loaded EG7 cells (FIG. 3A) and 
untreated EG7 cells (FIG. 3B) . The results were determined and 
expressed as described above for FIGS. lA-lB. EG7 cells (open 
squares) were used as target cells, and SVB6 (open circles) and 
EL4 (open diamond) ranrt^r cells were used as negative control 
target cells. 

DRPR : 

FIGS. 4A-4B. Reactivity of immune cells activated in vitro by 
Nl ranrpr cells. Naive spleen cells from C57BL/6 mice were 
primed in vitro with mock- loaded Nl cells (FIG. 4A) and 
untreated Nl cells (FIG. 4B) . The results were determined and 
expressed as described above for FIGS. lA-lB. Nl cells (open 
squares) were used as target cells, and EL4 (open circles) 
canrpr cells were used as control target cells. 

DEPR : 

The present invention relates to methods for generating 
antigen- reactive cytotoxic T cells that can be used in the 
prevention or treatment of a disease or disorder, such as 
infectious disease and cancsn. The inventors of the present 
invention discovered a method for priming T cells in vitro with 
antigenic cells such. as ^-anrpr cells or infected cells, that 
leads to activation, proliferation and maturation of a specific 
set of antigen-reactive cytotoxic T cells. The cytotoxic T 
cells generated by the methods of the invention are capable of 
specifically killing or causing lysis of the nflncer cells or 
infected cells, as the case may be, or any cells bearing the 
same antigens and similar MHC molecules with which the T cells 
are primed. The antigen-reactive T cells can be administered in 
vivo autologously (i.e., to the same individual from which the 
T cells (or parental cells to the T cells) were originally 
obtained) or sygeneically (i.e., to an identical twin of the 
individual from which the nancftr or infected cells were 
initially obtained) ; or allogeneically to an individual who 
shares at least one common MHC allele with the individual from 
which the antigenic cells and T cells were originally obtained. 



DEPK. * 

As used herein, the term "antigenic cells" refers to any cells, 
preferably r^r^r.(-.-r cells or infected cells, which can elicit an 
immune response in a subject. The sources of antigenic cells, 
and methods of preparation of antigenic cells for use m the 
present methods are discussed in section 5.1. 

DEPR : 

The "immune cells" that are contacted with the antigenic cells, 
and from which the cytotoxic T cells are generated, are a 
mixture of cells comprising T cells and antigen prpRpnting 
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cells. The antigenic presenting cells may be but are not 
limited to macrophages, dendritic cells, and/or B cells. The 
term "priming" as used herein is synonymous with the process of 
antigen- induced activation of T cells. 

cytotoxic T cells of the invention can specifically and 
directly kill target cells in vivo that bear the same antigen 
as the antigenic cells, thereby inhibiting nancer growth, or 
preventing or limiting the spread of the pathogen in the 
recipient . 

DEPR ' 

In a preferred embodiment of the invention, the antigenic 
cells, the T cells, and the recipient of the cytotoxic T cells 
have the same MHC haplotype, i.e., the invention is directed to 
the use of autologous T cells stimulated in vitro with 
autologously-derived antigenic cells for the treatment or _ 
prevention of . cancer or infectious disease in the same subject 
from which the T cells (or preferably, all the immune cells) 
and antigenic cells were originally derived. In a more 
preferred aspect, the immune cells and antigenic cells are 
isolated from a human subject in need of cellular 
immunotherapy . 

DEPR * 

Without limitation of the present invention to any particular 
scientific model or mechanism, the results described herein _ 
suggest that osmotically-shocked antigenic cells undergo fusion 
with macrophages (or other Rnfigen prpRenring rftlls ) present in 
the pool of immune cells, and that such fused cells are 
uniquely enabled to induce antigen-specific activation of T 
cells in vitro. 



DEPR: r ^ ■ 

According to a specific embodiment of the invention, 
antigen-reactive cytotoxic T cells can also be generated and 
used prophylactically to prevent infection, or development or 
remission of rance.r. In another embodiment, such T cells can be 
used therapeuticklly to treat infection or its sequelae or to 
treat cancer. Preferably, the antigenic cells used to generate 
the T cells are syngeneic to the subject to which they are to 
be administered, e.g., are obtained from the subject. However, 
if cells or pathogen- infected cells that are syngeneic 

to the subject are not available for use, the methods of the 
iSven?ion provide that such antigenic cells having the same MHC 
haplotype as the intended recipient of the cells can be 
prepared in vitro using noncancerous or uninfected cells (e.g., 
normal cells) collected from the recipient. For example, 
depending on the mode of transmission of the pathogen, normal 
cel?s obLined from the recipient can be infected m vitro by 
incubation with the pathogen or other pathogen- infected cells, 
and then used to prime the immune cells. In another embodiment, 
normal cells can be induced to become cancar cells, e.g., by 
2?eatment with carcinogens, such as chemicals and/or radiation 
or infection with a transforming iiirua. and then used to prime 
the immune cells. Furthermore, in another embodiment, if the 
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Cloned gene of the antigen of interest is available, normal 
cells from the subject can be transformed or transfected with 
the gene, such that the antigen of interest is expressed 
recombinantly in the cells, and then such cells can be used in 
the priming reaction. In a less preferred aspect, antigenic 
cells for use can be prepared from cells that are not syngeneic 
but that have at least one MHC allele in common with the 
intended recipient . 

In an immune response, the process of antigen-induced T cell 
activation occurs in vivo typically in secondary ly^P^oi^ 
tissues, such as the lymph nodes and the spleen. By following 
the present methods, any antigenic cells of interest can be 
used to prime T cells or previously activated T cells in vitro, 
even r^^^nr^r cells or infected cells that are considered unsafe 
for use in active immunization. Thus, one advantage of the 
present methods is that antigen- specific cytotoxic T cells can 
be generated in vitro against cancer cells or infected cells 
without having to immunize a subject with the antigenic cells 
or molecules. 



There are many advantages of immunotherapy as provided by the 
present invention. Tumor bulk is minimal following surgery, and 
immunotherapy is most effective in this situation. In a 
specific embodiment, the preventive and therapeutic methods of 
the invention are directed at enhancing the immunocompetence of 
a cancer patient either before surgery or after surgery, and 
enhancing cell -mediated tumor- specif ic immunity against cancar 
cell^ with the objective being inhibition of proliferation of 
T.lr.r cells, and total eradication of residual cancar cells in 
^Sebody. in another preferred aspect, cytotoxic T cells 
reSctiv^ against human cancer cells can be used, alone or in 
conjunction with surgery, chemotherapy, radiation or other 
ani-i -cancer therapies, to eradicate metastases or ^ . 

Scr^SS^ases, Ir to purge bone marrow of ^^^JJ^^^/^^^^^ 
bone marrow transplantation. For example, to eradicate or 
inhibit the growth of metastases or micrometastases , the 
cytotoxic T ?ells provided by the invention ^re administered m 
vivo to the subject having or suspected of having the 
metastases or micrometastases. For example, to purge bone 
J^^r^ow of cSLar cells during bone marrow transplantation, bcpne 
Tarro^ froT^aZor is. contacted in vj-t- with the cytotoxic 
T rells orovided by the invention, so that the cytotoxic i 
ceUs lySe aiy residual ra nrer cells in the bone marrow, prior 
?o admi^istJ?ing the bone marrow to the subject for purposes of 
hemJtSpSiet!c rSconstitution . The bone marrow transplantation 
is preferably autologous. 

Moreover if cancer patients undergo surgery with anesthesia, 
and suSs4q;enf?S?^o?herapy,. the resulting j-^^-PPf 
Sxoerienced by the patient may be lessened by cellular _ 
?mmuno?he?apy^n the preoperative period thereby reducing the 
incidence of infectious complications. There is also the 
possib?Ut? that tumor cells are shed into circulation at 
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surgery, and thus, effective immunotherapy applied at this time 
can eliminate these cells in vivo. The invention thus provides 
a method of • prophylaxis or treatment comprising administering 
to a nRT^nRT patient the cytotoxic T cells provided by the ^ 
present invention, reactive against an antigen of the patient's 
nanrpr cells, prior to, during, and/or subsequent to surgery 
and/or chemotherapy undergone by the cancer patient. 

DEPR: . ^ . ^ 

In a preferred aspect involving acute viral infection ot 
humans, cytotoxic T cells reactive against vi rii . s-i nff i Cted cells 
of a human subject can be rapidly generated and reinf used back 
to the subject for controlling the viral infection. An 
effective specific cell-mediated response against 
viral-infected cells can be generated by the present methods in 
vitro in less time than when relying on the in vivo mechanisms 
of the subject's immune system. 

DEPR * 

In another preferred aspect, the invention provides cytotoxic T 
cells reactive against an opportunistic pathogen that infects 
immunosuppressed or immunodef icient subjects, such as but not 
limited to cytomegalovirus, Toxoplasma gondii. Herpes zoster, 
Herpes simplex, Pneumocystis carinii, Mycobacterium 
avium- intracellulare, Mycobacterium tuberculosis, 
Cryptosporidium, and Candida species. The cytotoxic T cells of 
the invention can be used therapeutically, and preferably 
autologously, in human patients suffering from acquired 
immunodeficiency syndrome (AIDS) and associated infections and 
n^nr^rc,. or prophylactically in subjects that are infected with 
the human immunodeficiency virus (HIV) , or HIV seropositive 
subjects or otherwise at high risk, for developing AIDS. 

DEPR ■ 

The present invention provides methods for priming T cells in 
vitro with r-^nr^r cells or infected cells or other antigenic 
cells of interest. For treatment or prevention of rancftr, the 
methods of the invention provide cytotoxic T cells primed 
against molecules (antigens) expressed by antigenic cells that 
will induce an immune response against the rRncftr cells or 
tumor, preferably human caT)C.e.rs , e.g., tumor- specif ic antigens 
and tumor associated antigens. For treatment or prevention of 
infectious diseases, the methods of the invention provide 
cytotoxic T cells primed against molecules (antigens) expressed 
bv antigenic cells that will induce an immune response against 
host cells infected by the pathogen that causes the infectious 
disease or against the pathogen, including but not limited to, 
^Hr-nsPs. bacteria, fungi, protozoans, parasites, etc . , and 
preferably pathogens that infect humans. Since whole cancer 
cells or infected cells or other antigenic cells are used in 
the present methods, it is not necessary to isolate or 
characterize or even know the identities of these antigens m 
advance of using the present methods. 

DEPR ' 

The source of the antigenic cells may be selected, depending on 
the nature of the disease with which the antigen is associated. 
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and the intended use of the resulting cytotoxic T cells. In one 
embodiment of the invention, any tissues, or cells isolated 
from a n;:,-nr(='r- . including nanrf^r that has metastasized to 
multiple sites, can be used in the present method. For example, 
leukemic cells circulating in blood, lymph or other body fluids 
can also be used, solid tumor tissue (e.g., primary tissue from 
a biopsy) can be used. Examples of rancftrs that are amenable to 
the methods of the invention are listed infra. 



In another embodiment of the invention, any cell that is 
infected with a pathogen, in particular, an intracellular 
pathogen, such as a_v±rus^ bacterium, fungus, parasite, or 
protozoan, can be used. An exemplary list of infectious 
diseases that can be treated or prevented by cytotoxic T cells 
of the invention is provided below. 



DEPR: 

Cell lines derived from r-anrer tissues, cancftr cells, or_ 
infected cells can also be used as antigenic cells, provided 
that the cells of the cell line have the same antigenic 
determinant (s) as the antigen of interest on the antigenic 
cells, ranr-pr or infected tissues, cells, or cell lines of 
human origin are preferred. 

DEPR * 

Pannpr cells or infected cells can be identified and isolated 
by any method known in the art. For example, nancf i r cells or 
infected cells can be identified by morphology, enzyme' assays, 
proliferation assays, or the presence of pathogens or 
r.annpr--rqiT=-ing ^Hnifips . If the Characteristics of the antigen 
of interest are known, antigenic cells can also be identified 
or isolated by any biochemical or immunological methods known 
in the art. For example, rancftr cells or infected cells can be 
isolated by surgery, endoscopy, other biopsy techniques, 
affinity chromatography, and fluorescence activated cell 
sorting (e.g., with f luorescently tagged antibody against an 
antigen express by the cells) . 

DEPR : . . ^ • m 

In another embodiment of the invention, antigen-reactive T 
cells are generated for prophylaxis against cancer or 
infectious disease. In this instance, the appropriate _ _ 
autologous antigenic cells may not exist, since the recipient 
of the cytotoxic T cells may not have the nancp . r or the 
infectious disease. Moreover, in an embodiment wherein the T 
cells are used for prophylaxis, desired quantities of 
autologous antigenic cells may not be obtainable from the 
recipient. In such instances, a source of antigenic cells 
having at least one common MHC allele, or preferably the same 
MHC haplotype as the recipient, which is used to prime the 
cytotoxic T cells, can be prepared in vitro from noncancerous 
or uninfected cells (e.g., normal cells), as appropriate, 
obtained from the recipient or other individual sharing at 
least one MHC allele with the recipient. 

DEPR : 
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In order to prepare suitable antigenic cells that are cancer 
cells, noncancerous cells, preferably of the same cell type as 
the rancf^r desired to be inhibited can be isolated from the 
recipient or, less preferably, other individual who shares at 
least one MHC allele with the intended recipient, and treated • 
with agents that cause the particular or a similar cancer or a 
transformed state; such agents may include but not limited to, 
radiation, chemical carcinogens, and vi n]fies . Standard 
techniques can be used to treat the cells and propagate the 
rance.r or transformed cells so produced. 

DEPR: 

In order to prepare pathogen- infected cells, uninfected cells 
of a cell type susceptible to infection by the pathogen can be 
infected in vitro with the pathogen that causes the disease. 
Depending on the mode of transmission and the biology of the 
pathogen, standard techniques can be used to facilitate 
infection by the pathogen, and propagation of the infected 
cells. For example, influenza vi rufl^R may be used to infect 
normal human fibroblasts; and mycobacteria may be used to 
infect normal human Schwann cells. 

DEPR: 

The immune cells used for priming according to the present 
invention, comprise a mixture of living cells of lymphoid and 
myeloid lineages, wherein the lymphoid cells comprise T cells 
that can be activated to differentiate into CD4.sup.+ helper T 
cells and CDS. sup. + cytotoxic T cells, and wherein the myeloid 
cells comprise i g^n -pi-^gfini- i ng ppHs (e.g., macrophages) 
that are functional in antigen- induced T cell activation. 
Preferably, the T cells have the same MHC haplotype as the 
antigenic cells and the target, cells in the recipient. 

DEPR : 

T cells and ^rMr^gRin p-rpc^F^nti ng rp11fl. such as macrophages, can 
be obtained together, or separately (and then combined for use 
in the priming reaction) , or optionally purified by any of 
various methods known in the art. In a preferred aspect human 
macrophages obtained from human blood cells are used. By way of 
example but not limitation, macrophages can be obtained as 

follows: 



Any antigenic cell, e.g., cancer or infected cells described in 
section 5.1, may be used in the present methods. Typically, by 
way of example but not limitation, cancer cells can be isolated 
from a tumor that is surgically removed from a human patient 
who will be the recipient of the cytotoxic T cells. Prior to 
use, solid runner tissue, pathogen-infected tissue or 
aggregated r^nrpr cells should be dispersed, preferably 
mechanically, into a single cell suspension by standard 
techniques. Enzymes, such as but not limited to, collagenase 
and DNase may also be used to disperse cancer cells. Typically, 
approximately two to three million antigenic cells are used per 
priming reaction in the method. Thus, if necessary, the cancer 
or infected cells may be cultured by standard techniques under 
growth conditions in vitro to obtain the desired number of 
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cells prior to use. Primary tissue or cell lines can be used. 
DEPR : 

The present invention provides a method for generating 
cytotoxic T cells comprising the following steps in the order 
stated: subjecting live antigenic cells to osmotic shock in 
vitro; subjecting the antigenic cells to irradiation in vitro; 
culturing the antigenic cells with immune cells comprising T 
cells and ^r^t^gRn pi-f^f^f^ntina prII R in vitro, wherein the 
antigenic cells and T cells have at least one common MHC 
allele, such that cytotoxic T cells are generated. 

DEPR: ^ 
The n^nnRT or infected cells (e.g., 2 . times . 10 . sup . 6 cells) are 
incubated at 37. degree. C. for 5 to 60 minutes in a 
hyperosmotic buffer (0.5 ml per 2 . times . 10 . sup . 6 cells) 
containing 0.5 M sucrose, 10% w/v polyethylene glycol 1000, 10 
mM HEPES in tissue culture medium, such as RPMI 1640. 
(Alternatively, any solutes can be used to prepare a^ 
hyperosmotic buffer that would exert a similar osmotic 
pressure, e.g., about three times physiologic osmotic^ 
pressure.) In order to reverse the osmotic effect rapidly, the 
medium containing the cells is diluted by adding 30 times the 
volume of a hypotonic buffer (15 ml per 2 . times . 10 . sup . 6 cells) 
consisting of 60% tissue culture medium in water. The cells are 
then incubated at 37. degree. C, e.g., for 1-10 minutes, before 
they are collected by centrif ugation at 500-5000 rpm in a 
standard laboratory centrifuge. The antigenic cells are not 
ruptured at the end of this process. The osmotically- shocked 
antigenic cells are resuspended in culture medium (5 ml for 
2. times. 10. sup. 6 cells) and allowed to recover for 0.5 to 24 
hours at 3 7. degree. C, 5% CO. sub. 2. 

DEPR ' 

After the osmotic shock, the antigenic cells (e.g., one to two 
million) are irradiated with 1,000 to 10,000 rads in culture 
medium containing 5% fetal calf serum, and then washed in 
culture medium containing 10% fetal calf serum. For example, 
.the antigenic cells are irradiated for 30 minutes using a 
Gammator 50 set to deliver 800 rads/min. Antigenic cells that 
are subjected to osmotic shock, followed by irradiation are _ 
referred to herein as mock-loaded antigenic cells. The in vitro 
priming reaction is carried out by culturing the mock- loaded 
cells with an immune cell , composition comprising T cells and 
ant-igf^n pr»°^r.^Snq rpll R of a sub j ect . As described in section 
5 2 immune cells can be obtained from the spleen or 
preferably, peripheral blood. If lymphoid tissues or organs are 
used as a source of immune cells, it is preferable to disperse 
the cells so as to form a single cell suspension prior to use. 

DEPR * 

Approximately 1 . times . 10 . sup . 6 ranrer or infected cells treated 
as described above {with osmotic shock and irradiation) are 
used to prime 1 . times . 10 . sup. 8 immune cells (e.g., whole blood 
from which the red blood cells and serum have been removed) . 
The cells are mixed and co-cultured at 3 7. degree. C, 5% 
CO. sub. 2, for preferably 3-9 days, preferably in multiwell 
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plates. The ratio of treated cells to immune cells in the mixed 
cell culture is preferably 1:100, and may be adjusted to 
optimize the ratio for generation of responding cytotoxic T 
cells, after measuring the resulting reactivity of the 
responding cytotoxic T cells at various ratios. Opticpnally, 
noncovalent complexes of heat shock protein and peptides 
isolated from cells that are the same as the antigenic cells, 
or noncovalent complexes of heat shock protein and exogenous 
antigenic peptides, are added to the mixed cell culture to 
enhance the efficiency of the in vitro priming reaction. Heat 
shock protein-peptide complexes can be isolated or prepared in 
vitro by methods described in the next section. A concentration 
range of 1-50 .mu.g heat shock protein peptide complex per ml 
culture medium is preferred. After several days in culture, 
e.g., on day six, a .sup. 51 Cr release assay or any other 
suitable assay known in the art may be performed if desired, to 
test for cytotoxic T cell activity in the mixed cell culture. 

DEPR : 

Any methods known in the art can be employed to purify 
endogenous hsp-peptide complexes from antigenic cells, e.g., 
nanrp^r cells or infected cells, for use in the present methods. 
For example, the purification of hspVO-peptide complexes has 
been described previously, see, for example, Udono et al . , 
1993, J. Exp. Med. 178:1391-1396. See also International 
Publication No. WO 95/24923 dated Sep. 21, 1995. 

DEPR: . x: 1. _ 

Another method that can be applied for the purification of heat 
shock protein-peptide complexes, such as hsp70 -peptide 
complexes, comprises contacting cellular proteins with ADP or a 
nonhydrolyzable analog of ATP affixed to a solid substrate, 
such that hspVO in the lysate can bind to the ADP or 
nonhydrolyzable ATP analog, and eluting the bound hsp70. A 
preferred method uses column chromatography with ADP affixed to 
a solid substratum (e.g., ADP-agarose) . Thus, hsp70-peptide 
complexes can be readily obtained from cancfir cells or cells 
infected by an infectious agent or other cells by a rapid, 
one- step ADP-agarose chromatography. For example, Meth A 
sarcoma cells (500 million cells) can be homogenized in 
hypotonic buffer and the lysate is centrifuged at 100,000 g for 
90 minutes at 4. degree. C. The supernatant is applied to an 
ADP-agarose column. The columns are washed in buffer and are 
eluted with 3 mM. 

DEPR ' 

By way of example but not limitation, the following four (4) 
hour .sup. 51 Cr-release assay can be used (see, Palladino et 

1987, CannR-r Res. 47:5074-5079 and Blachere et al . , 1993,- 
J "immunotherapy 14:352-356). In this assay, cells in the 
primed immune cell culture, i.e., the effector cells, are added 
to a target cell suspension to give various eff ector : target 
(E:T) ratios (usually from 1:1 to 40:1). The target cells are 
prelabelled by incubating 1 . t imes . 10 . sup . 6 target cells in 
culture medium containing 200 MCi .sup. 51 Cr/ml for one hour at 
37 degree. C. The labelled cells are washed three times 
following labeling. Each assay point (E:T ratio) is performed 
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in triplicate. The controls measure spontaneous .sup. 51 Cr 
release wherein no lymphocytes are added to the assays, and 
100% release wherein the labelled target cells are lysed with 
detergent, such as TNEN (10 mM Tris-HCl, 250 mM NaCl, 0 1 mM 
EDTA and 1% NP-40) . After incubating the effector/target cell 
mixtuSs for 4 hours, the cells are collected by centrifugation 
at 2o5 g for 5 minutes. The amount of .sup. 51 Cr released into 
the supernatant is measured by a gamma counter. The percent 
cytotoxicity is measured as cpm in the test sample minus 
spontaneously released cpm divided by the total detergent 
released cpm minus spontaneously released cpm. ##EQUlftft 

in a'specific. embodiment, it may be desirable to administer the 
pharmaceutical compositions of the invention locally to the 
area in need of treatment; this may be achieved by, for _ 
example and not by way of limitation, local infusion during 
sS?gSr?: topical application, e.g., in conjunction with a wound 
Seising af?er surgery, by injection, by means of a catheter, 
bv means of a suppository, or by means of an implant, said 
impTInt being of a porous, non-porous, or gelatinous material, 
inSSding membranes!^ such as sialastic membranes, or fibers^ In 

one embodiment, administration can be by ^^JJ^^ . ^-JJ^^^^^^^^J^tly 
the site (or former site) of a cancer or infection, or directly 
into the r-anpRr or tumor. 

?nfectious diseases that can be treated or Prevented by 
cytotoxic T cells of the present invention are caused by 
infectious agents including, but not limited to ^nr^^f^e . ^ , 
bacteria, fungi, protozoans and parasites. 



villi diseases that can be treated or prevented by the methods 
and compositions of the present invention ^J^l^fj' 
limited to, those caused by hepatitis type A, hepatitis type B, 
iepat??is ^ype C, influenza, varicella, adenovirus herpes 
simplex type I (HSV-I) , herpes simplex type II . (HSV-II) , 
riSde^pes? rhinovirus, echovirus, rotavirus, respiratory 
C9vncvtial ^Hrns. papilloma viniFi, papova vims . 
cvJomeqJlo^iSsT Schinovirus, arbovirus, huntavirus, coxsachie 
miSps vin.s, measles .mais. rubella^d^ polio ^.ixua. 
^^immunodeficiency iiirua type I (HIV-I) , and human 
immunodeficiency virus type II (HIV- II) . 

r!ncArs that can be treated or prevented by cytotoxic T cells 
SSfSShods of the present invention include, but not limited 
to human sarcomas and carcinomas, e.g., fibrosarcoma, 
mvxSsa?Soma liposarcoma, chondrosarcoma, osteogenic sarcoma, 
cho^Smf Angiosarcoma, endotheliosarcoma, lymphangiosarcoma 
^^Sphangloendotheliosarcoma, synovioma, mesothelioma Ewing's 
SSr leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, 
pan?^4atic_cLicaiu breast cancer, ovarian cancer, prostate 
^in^^; squamous cell carcinoma, basal cell carcinoma 
adenocarcinoma, sweat gland carcinoma, sebaceous gland 
c^ciZll, papillary circinoma, papillary adenocarcinomas. 
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cystadenocarcinoma, medullary carcinoma, bronchogenic 
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, 
choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, 
cervical r-anr-pr . testicular tumor, lung carcinoma, _ small cell 
lung carcinoma, Hi aHrl^r carcinoma, epithelial carcinoma, 
glioma, astrocytoma, medulloblastoma, craniopharyngioma, 
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, 
oligodendroglioma, meningioma, mplannnia, neuroblastoma, 
retinoblastoma; leukemias, e.g., acute 

DEPR * 

In a specific embodiment, the rancftr is metastatic. In another 
specific embodiment, the rancp.r is a tumor. In yet another 
embodiment, the recipient has undergone autologous bone marrow 
transplantation as a part of_canc£r therapy. 

DEPR * 

The following example demonstrates the methods of the present 
invention for generating cytotoxic T cells in vitro, using four 
different types of n^nnf^r cells in two different mouse strains. 



DEPR * 

The following rRur.f.r cells were used: SVB6, a C57BL/6 mouse 
nanrpr cell line transformed with SV40 viruses ) ; EL4 (a C57BL/6 
mouse thymoma cell line) ; EG7 and Nl (mouse thymoma cell lines 
derived EL4 ) ; PS-C3H (a SV40 -transformed C3H-He mouse sarcoma 
cell line) and UV6138 (a C3H-He mouse nancer cell line) . 

DEPR * 

Two to three million ca ncer cells were resuspended in 0.5 ml of 
the hyperosmotic buffer and incubated for ten minutes at _ 
37 degree. C. To reverse the osmotic effect, the hypotonic 
buffer (15 ml) was added directly to the cells in the 
hyperosmotic buffer, and incubated for three more minutes at 
37 degree C The cells were immediately spun down m a 
standard laboratory centrifuge at 700 g at 4. degree. C. The 
supernatant was poured off through a gauze pad (Johnson and 
Johnson Products Inc.) and the cells resuspended m 5 ml RPMI 
1640 supplemented with 5% fetal calf serum (FCS), lif glutamine , 
1% penicillin-streptomycin, 1% nonessential amino acids, 
pyruvate and 0.1% 2 -mercaptoethanol . The cells were allowed to 
recover for two hours at 3 7. degree. C. and 5% CO. sub. 2. 

DEPR • J 

one to two million of the treated cancer cells were irradiated 
(Gammator 50; 800 rads/min) for 30 minutes in 3 ml of complete 
RPMI 1640 containing 5% FCS. The cells were washed once and 
resuspended in complete RPMI 1640 containing 10* FCS. 

DEPR * "u 
The treated r-^ncer cells were added to each well so that each 
well had a total volume of 2 ml. Approximately a total ot 
1 times 10. sup. 6 treated cancer cells were used to prime a 
total of 1. times. 10. sup. 8 spleen cells. The plates were 
incubated at 37. degree. C. and 5% CO sub. 2 for six days A 
.sup. 5 Cr release assay was performed on day six to test for T 
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cell reactivity as follows: Target cells were labeled by 
incubation in .sup. 51 Cr for 60 min at 37. degree. C, and 
washed three times in RPMI 164 0 medium. In vitro primed immune 
cells were incubated with 2 . times . 10 . sup . 3 51Cr-labeled target 
cells in 0.2. ml of complete medium containing 10% FCS in 
V-bottom plates for 4 hours. A range of effector-to-target cell 
ratios were used in the experiments. An aliquot of the culture 
fluid was counted in a gamma scintillation counter. Cytotoxic T 
cell activity was calculated as described in section 5.5. The 
spontaneous .sup. 51 Cr release was determined by incubation of 
targets in complete medium. The maximal .sup. 51 Cr release was 
determined by incubation of targets in TNEN. 

DEPR: 

The following experiments were performed to illustrate the 
methods of the present invention. Spleen cells isolated from 
C57BL/6 mice were primed in vitro according to the procedure 
described in section 6.2 using the following mock-loaded cancer 
cells: SVB6, EG7 and Nl . Similarly, spleen cells of C3H-He mice 
were primed in vitro with mock-loaded PS-C3H cancer cells. 
Mock-loading as used herein refers to the treatment of 
antigenic cells with osmotic shock and irradiation and was 
carried out as described in section 6.2. As controls, spleen 
cells from C57BL/6 and C3H-He were stimulated by co-culturing 
with runner cells that were not treated with osmotic shock. 

DEPR: m . 

The antigen- specific cytotoxicity of the responding T cells m 
the in vitro primed cell cultures were tested by the four-hour 
.sup. 51 Cr release assay as described in section 6.2. The 
amount of .sup. 51 Cr release measures the degree of target cell 
lysis mediated by the cytotoxic T cells in the four-hour 
period. Antigenic cells that were used in the in vitro priming 
reaction were used as target cells. Other cancer cells were 
used as control target cells to demonstrate the specificity of 
the cytotoxic effect . 

DEPR: ^ ^r. • 

Using C57BL/6 spleen cells and mock-loaded SVB6, EG7 and Nl 
cells, the amount of .sup. 51 Cr released as a result of target 
cell lysis mediated by cytotoxic T cells generated by the 
mock-loaded c an cer cells (FIGS. lA, 3A and 4A) was 
significantly and consistently higher than that mediated by T 
cells generated by untreated antigenic cells (FIGS. IB, 3B and 
4B) Similarly, cytotoxic T cells generated from C3H-He spleen 
cells using mock-loaded PS-C3H cells (FIG. 2A) were more 
efficient at lysing target cells than the control (FIGS. 
2A-2B) . Thus, the cytotoxic effect generated by mock-loaded 
antigenic cells of the present invention is significantly 
stronger than using untreated cancer cells, especially at 
higher eff ector : target cell ratios. 

DEPR * 

Furthermore, the cytotoxic effect generated by stimulation with 
mock-loaded rP^nr(-T cells is antigen specific. Cytotoxic T cells 
generated by stimulation with mock-loaded SVB6 cells have 
little or no cytotoxic effect on EL4 cells (FIG. lA) . Likewise, 
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cytotoxic T cells generated using mock-loaded EG7 or Nl cells 
were significantly less reactive against, respectively, the 
control EL4 and SVB6 cells (FIG. 3A) , and the control EL4 cells 
(See FIG. 4A) . 

DEPR: 

In summary, antigenic cells treated according to _ the methods of 
the invention can stimulate in vitro the activation of T cells 
that can mediate an effective antigen-specific cytotoxic T cell 
response. Thus, administration of such in vitro generated 
antigen-reactive cytotoxic T cells to a MHC- matched recipient, 
as described herein, represents a therapeutic or preventative 
approach for a wide range of ranrRrs or infectious diseases. 

DEPC: 

5.8 TARGET PANrKR.q 



CLPR : 

3. A method for generating cytotoxic T cells specific to 
antigenic cells displaying an antigenicity of interest 
comprising culturing in vitro immune cells comprising T cells 
and ani-igpn pr-P^.gpnt i ng r-f^ll .g with antigenic cells displaying an 
antigenicity of interest, such that the T cells become 
activated, thereby generating cytotoxic T cells that are 
specific to the antigenicity of interest displayed by the 
antigenic cells, wherein the antigenic cells are animal cells 
that are the product of a method comprising subjecting in vitro 
the antigenic cells displaying the antigenicity of interest to 
osmotic shock followed by irradiation, and wherein the 
antigenic cells and T cells have at least one common MHC 
allele. 

CLPR: 

9. The method of claim 1 wherein the antigenic cells are Cf^nriP . r 
cells. 

CLPR: 

10. The method of claim 2 wherein the antigenic cells are 
<-anrRr cells. 

CLPR : , . . T T 

11. The method of claim 3 wherein the antigenic cells are 

ranrpr cells. 

CLPR : -, -, * 

12. The method of claim 9 wherein the rancftr cells are of a 
ranrpr selected from the group consisting of sarcoma, 
carcinoma, leukemia, lymphoma and myeloma. 

CLPR : . 

13. The method of claim 9 wherein the firincer cells are ot a 

prostate rancer . 

CLPR: ,^ ^ 

14. The method of claim 9 wherein the cancp.r cells are ot a 

breast cancar. 



16 of 18 



2/15/01 5;17PM 



Record Display Form http://westbrs:8820/bin/gate.exe?f=doc&...WI^|pJoc_2-&p_^ 
CLPR : 

15. The method of claim 9 wherein the cancer cells are of a 
colon cancer . 



CLPR : 

19. The method of claim 16, 17 or 18 wherein the antigenic 
cells are infected by a vi rus, bacterium, fungus, parasite, or 
protozoan . 

CLPR : 

22. The method of claim 1 wherein the antigenic cells 
recombinantly express an antigen of a cancer cell. 

CLPR: 

23. The method of claim 1 wherein the antigenic cells have been 
induced in vitro to become npinnf^y or transformed cells. 

CLPR : 

34. The method of claim 31 or 32 wherein the antigenic cells 
are .aaiKiex cells. 



CLPV: 

(c) culturing the antigenic cells with immune cells comprising 
T cells and ^^nt-igpn prfiSRnting cells in vitro, wherein the 
antigenic cells and T cells have at least one common MHC 
allele, 

CLPV : 

(d) culturing the antigenic cells in vitro with immune cells 
comprising T cells and antigen pre>sent;1ng cells at a ratio of 
about 1:100 antigenic cells: immune cells for 3 to 9 days at 
37 .'degree . G . , ' 
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